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RATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE RO, 1259

A GRAPHICAL METHOD FOR INTERPOIATION OF HYDRODYNAMIC CHARACTERTSTICS
OF SPECTFIC FLYING BOATS FROM COLIAPSED KESULTS
OF GENERAL TESTS OF FLYING-BOAT-HULL MODELS
By F. W. S. Locke, Jr.

SIMMARY

This report presents a simple and rapid method for interpolating
the hydrodynemic characteristics of specific flying boats from a
chart presenting test results in collapsed form. The method 1s
graphical and will allow interpolation of the hydrodynamic character—
istics for any combinstlion of load or serodynamic characteristics.
To obtain the water resistance and porpoising characteristice of
one specific case requires about 20 or 30 minutes?! work. It is
believed that the rapidity with which Interpolations mey be made
will open up the way for comprehensive design studles of the
influence of various factors on flying-boat performsnce.

INTRODUCTTION

The gensral type of test to determine the hydrodynamic charac—
teristics of flying-boat~hull models has been in use for some time.
Tt has proved to be an exceedingly powerful tool for compering the
hydrodynamic characteristics of various hulls Independently of any
assumed alr structure. However, the general teat has several
important dlsadvantages, which are:

1. A large smount of time is involved in accumulating the
necessgarily large amount of data. '

2. A large number of charts are required to present the results
of tests of one model; this makes comparison between different hulls
awkward and time consuming.

3. The interpolation of the characteristics of specific designs
18 80 time consuming as to make the cost of thorough design studles
of the effect of various factors almost prohlibltive.
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A large amount of effort has been spent in overcoming the
first two objections., Methods have been developed (references 1
to 3) so that general tests of resistance, porpoising, and the
main spray characterlistics can be made almost as quickly aes a
specific test. The reduced number of results of all three types
of tests are presented in collapsed form on a single chart
(see f£ig! 1, for an example) which covers all practicable com—
binations of load and get—eway speed and thus retains the advan—
tages of the general test for comparisons independent of asro—
dynamic charecteristics. A large number of these hydrodynamic
sumnary cherts may be found in reference k.

The third criticism mentioned may well be the most lmportant.
A short survey of the literature reveasls that only four design
studies of the effect of various hydrodynamic factors on the
performance of f£lying boats have been published (references S
to 8). There are a number of others which give little or no atten-—
tion to the influsnce of the hull on performance. Of the four
deslgn studles mentioned, only the last, by Olson and Allison,
may be congidered to be at all comprehensive., Thls pauclty of
design studies may be taken as a clesr indicatlon of the excesslve
time required to determine analvtically the characteristics of
individual hulls as applied to specific aircraft. It ls the
purpose of the present report to attempt to overcome this diffi-
culty by pressenting a simple and rapid method for the interpolation
of the hydrodynamic characteristics of any specific flving-boat
desgign from the type of chart previously developed showlng the
results of genersal tests in collapsed form.

The proposed method might be consldered as an adaptation of
slide—rule technique. Tt consists essentially of plots of constant—
speed contours for various serodynamic characteristics (given in
terms of the hull beam) plotted on a chart of trim agsinst the
appropriate load-apeed relatlon for the displacerent or planing
ranges. These plots are scribed on tranaparent sheets which mey
be superimposed on charts showlng the hydrodvnamic. characteristics
of hulls, The location of the transparent sheet relative to the
chart of the hydrodynamic characteristics 1s controlled only by
the setting of the wing relative to the hull, The transparent
sheets were desligned to cover all practical combinatlons of gross
load and wing deslgn.

The most important disadvantage of the chart (fig. 1) showing
the results of general resistance, porpolsing, and spray tests of
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one hull 1s that the curves sre unfamilliar to the designer in both
shape and magnitude. This fact will, of course, seriously impede
attempted comparisons between hulls. It is believed, however, that
the interpolation system presented in this report should aid in
overcoming this obstacle. In the past year and a half a fairly
large nmumber of complete Interpolations have been made, and the
tims required to got the water resistance and porpoising charac—
teristics of any specific case appears to be about 20 or 30 minutes.
In addition to being a rapid method of iInterpolation, the signifi-
cance of the shape of the curves and their magnitudes in collapsed
form will assume more meanling to the designer through use of the
method. In time the collapsed curves will undoubtedly be almost

a8 easy to Interpret as the more conventionsl types of plotting.

SIMBOLS

The following symbols are used throughout this report:
load coefficient (A/wb3)
initial-loed coefficient (A,/wb3)

resistance coefficient (R/wb3)

A

Ct0

Cr

Cy speed coefficient (V/\/ab)
Cy  trimingmoment coeffieient (M/wb")
Cx longitudinal—spray coefficient (X/b)
Cy lateral-spray coefficient (Y/b)

Cy '

vertical-spray coefficlent (Z/b)

CL serodynanic~lift coefficient (L/S % )
whers

A load on water, pounds .

Ay initial losd on water (gross weight), pounds

w specific weight of wabter, pounds per cubic footb

b beam at mailn step, feet
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R water resistance, pounds

v water speed, feet per second

g acceleration of gravity (32.2 ft/seca)

M trimming moment, Ppound-feet

X longitudinael position of main-spray point of téngency with
reference to step (positive forward and negative aft of
step), feet

Y leteral position of main-gpray point of tangsncy, meassured
from hull center line, feet

Z vertical position of maln-spray point of tangency, measured
from tangent to forebody keel at main step, feet

L total aerodynamic 1lift, pounds

s wing area, square feet

o mase density of weater, pound—second.s2 per footl"

Pe, mass density of alr, pou:nd.—set:ond.s2 per footl"

g absolute angle of attack of wing-flap combination when trim
1s zero (measured from zero lift), degrees

% -0 angle of zero 1ift of wing with respect to lts own reference
line, degrees

iw angle of attack of wing reference line with respect to
tangent to forebody keel at main step, degrees

Ly =% =~ %0

T trim angle (angle between tangent to forebody keel at

main step and free-water surface), degrees
DEVELOPMENT OF CHARTS

As already explained, the interpolatlon process is based on
the graphical use of special charts, The development of these
charts 1s based on the fact that at any speed and trim angle
during take—off, the water-borne load of a flying bost is glven
by the relation:
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A=p,—-L | (

The 1ift component of this relstion can be put into terms of the
gerodynamic characteristics,

dCL o
A=A ——=(T+a)= sy (2)
o o 2
de
and if both sides are divided by b3 +to obtain the usual NACA
seaplane coefficients, equation (2) will reduce to:

cA=cA------——--E(Taumo)cv - (3)

This equation 1s not an approximation, but will give the true load
on the water 1f the true values of the varlous terms are substituted
into 1t. Thus, the propeller slipstream and ground effect can be
accounted for by the proper adjustment to d.CL da and %y and the

effect of the elevators by alteration to a. Other changes of the
aerodynemic characterlistics can be similarly taken into account,

Displacement Range

In the dlsplacement range, by following the reasoning of
reference 2, equatlion (3) may be transformed to

2
o> _ Cy )
CA1/3 |
3 1P LS

From this relation, contours of constent velocity on a chart of

gbsolute angle of attack agalnst Cve/c Al/ 3 can be constructed for
©r s i

specific values of the produwct —— ") for any glven vailue of C A ¢
da b~

o]
Such a chart ls shown in flgure 2, which was constructed for C A

[o]
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equal to unity for simplicity in converting it for use with other
values of CAO.

It will be noted that when the absolute angle of attack
(T + a,) 4s zero there is no wing lift, and hence at any speed

the load on the weter must then be the static displacement. The

values of GV' corresponding to any velue of CA other than
o}

that for which figure 2 was constructed can be determined by
mltiplying the values of CV shown by the sixth root of the

particular CAo under conslderation.

Purther, 1t will be seen that if the definitlons of the coef-
ficlents are substituted in equation (i) the beam will drop out
completely. Thus, for the chart in figure 2, 1t becomes nscessary

to use §-2- also on the basis of CA = 1,00, This may be dons
b o

by calculating the beem which would give a velue of C, of unity
o

for the weight under consideration. A simpler step 1ls to remove -
2
the beam and substitute S/(Ay,/w) /3 for use in the parameter;
this has been done in flgure 2. R
A study of reference 9 showed that % was usually between 15
b

and 25 for most flying boats, with a few as low as 10 and as high

as 40, Since dCL /d.a. will be somevhere nesr 0.100 for most modern

designs, the charts were congtructed for a renge of the product
E.;'- e of frw- l.o tO 2".0\- -
(ao/w)2/3
Planing Range

In the planing range,. again by following reference 2,
equation (3) becomes

ac
) 1P "L g 2
c T o e et e Le od
\Ca \[Ao 2 Py da p° (r o+ a)oy® 5) -
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Again, contours of constant veloclty on a chart of absolute angle of
attack against "CA/“’V may be prepared for specific values of the

ac
product ——I'- % and CA . Figures 3 to 5 show such charts constructed
de b o -
for C A = 1.00., The reason more than ones chart was prepared for the

o
planing range was to prevent too much overlepping of the various
contours. If the definitions of the coefficients are substituted
into equation (5), it will be found that the beam will not drop
out as it did from equation (4). Hence, the valuss of S/b2 used
In reading the charts will be the specific ones under consideration.

If a value of cAo other than wunity 1s under consideration,

1t is again nscessary to convert the sceale of Cv at the bottom

of each of these charts by multiplying by the squere root of the
particular Cph . This accomplishes converslion because at zero
o]

shaolute angle of attack the water—borme load ls the static gross
welght, and is, of course, known. )

Before either of the charts for the displacement of planing
ranges mey be conveniently used for interpolation, transparent
copies should be prepared. This is most simple to do by making
a8 photographic f£ilm positive.

USE OF CHARTS

The charts Jjust described can be used to Interpolate the
hydrodynamic characteristics of any proposed seaplane or flying
boat from a chart showing the collapsed results of general tests
of & particular model. ZEach type of Interpolation will be described
geparately, but certain steps apply to all types.

In the displacement range, the trim track is fixed by the
asgumptlon that the sum of the avallable moments is not large enough
to allow deviation from the free-~to=trim track. Hence, the first
step wlll always be to find the trim intersectlion with the constant—

speed contour, at which point the value of CVE/JAJ‘/ 3 may be found.
Since Cy 1s kmown, CA can be found.



8 JACA TN No. 1259

In the planing renge, the avallable moments are usually large
enough s0 that any trim track within reason may be assumed. However,
it 18 necessary to assume some trim track. Whenever stabllity limits
are given, 1t wlll naturally be desirable to keep the assumed trim
track within the range of steble trim., Basicelly, there are four
different applications in which these charts may be used, and each
application will be described individually in detail.

Effect of Wing and Flap Setting

Suppose the hull beam, gross welght, and wing characteristics
have been selected by the designer from other conslderaticns. The
effect of the setting of the wing relative to the hull and the flap
relative to the wing can be determined as follows:

In squation (3) the only term that will be affected if the
angle of the wing or the flap setting 1s altered is (T + «).

Changing the flap setting only will change the angle of zero lift
of the wlng-fTlap comblnation and the wvalue of CI but will

not effect the 1ift rate dCL/doc, at least to & very good rirst

approximation, Hence the filrst step 1s to determine the value
of «, for the assumed aerodynamic characteristics.

In the dlsplacement range, the speed scale at the bottom of
the chart must be converted by multiplying the values of CV

1/6

shovn by the perticular velues of C, . Next, the value
)

of (dCI/dm)(S/AO/w)E/ 3 st be calculated, The transparent

dlsplacement—range chart is now laid on top of the chart of the
hull characteristics so that the value of «, corresponds to zero

trim. Start with the lowest speed and find the value of Cv%al/ 3

at the intersection of the approprilate constant—epeed curve on the

trangparent chart with the free—-to-trim track heving the same load

coefficlent as the chosen CA . Next, calculate the valuwe of C,;
o]

it should be very slightly less then C A but close enough to 1t
o]

so that a second trial will not be worth while. Use the next speed,
and determine the value of Cy2/C,1/3 at the intersection of the

constant—speed contour with the free—to-trim track for the value
of C A found at the previous speed. Agsin, the new value of C A

should be slightly lower than the assumed value., Repeat at increasing
speeds by using at each speed the value of CA found at the preceding
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speed for interpolatlion purposes. It will orily rarely be necessary
to make a second trlal at eny speed. Finally, for the various values

of 072 CA1/3 find the values of CR/GVECAE/?’ at the proper value
of Ca. Since both C-v- and CA are knowm, CR can be found.

In the planing range, multiply the velues of C‘V’ ghown at the

bottom of the eppropriate chart by the specific CA 1/2. After using
° a5
do b2
the transparent chart on top of the chart of the hull characteristics
in the planing renge so that the chosen value of @, corresvonds with

the zero~trim angle. Find the Intersection of the appropriate constant-—
gpeed contour with the trim track under consideration and read the

value of \/C-R/Gv- occurring at the intersection. Since Cy 1is known,
the value of Cp can be found, and it should especially be noted that
1t 1s not necessary to find CA' If generel stabllity limits are given,

the intersection of the constent—speed contours will allow the conastruc—
tion of the specific limits.

the specific value of S/‘b2 to find the parameter lay

The entire process may be repeated for other values of the wing or
flap setting by merely shifting the relation of the transparent chart
having the constant-speed contours to the chart of the collapsed results
of general tests. At any glven value of a,, the curve of Cy

against Cy represents a large mumber of wing—flap-setting combinations.
However, the total alr-plus—weater resistance will depend to a large
extent on the flap setting. Thus, 1f the water resistance is calculated
for several values of g, 1t may be used in conjunction with quite a

large variety of flep settings, provided, of course, that the stall 1s
not exceeded in any case.

Effect of Hull Size

If the welght, the wing area, ahd the wing setiling are assumed,.
then the effect of varlous over—all hull sizes {(that is, with constent
length—-beam ratio) can be found in the ‘E‘ollow:!_ng manner:

In the displecement rangs, find S/(A,/%)2/3 and retain this

vaelue for all hull sizes under investigation. Each value of CA
[+
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will alter the values of Cy appearing at the bottom of the trans—
parent sheet of constant—espeed contours, since they must be mulitiplied

1/6
by the particular values of C / . However, the actual speed in

A

foet per second for a given nominal value of CV' wlll not be altered
by thils process. In the planing renge, on the other hand, the
gpecific values of S/b2 must be calculated for each hull size.

The nominsl values of Cv should be multlplled by the specific C A 1/2

o
for each hull size, as previously explained, and the actual speed at
each nominal value of Cy will be altered.

Place the appropriate transparent chart of constant—speed
contours on top of the chart of collapsed hydrodynasmic character—

igtics so that the assumed values of gy coincides with zero-trinm

angle. From there on, the interpolation is Just the same as under
Effect of Wing and Flap Setting.

Effect of Wing Size

If the welght, beam, and wing setting are known, the effect of
the wing size (that is, wing loading) can be determined as follows:

In the displacement range, f£ind the value of (Ao/w)2/3. Use

this value in esch particular S/(Ao/w)2/ 3 %o be investigated.

Since the value of _ CA will not change from case to case, the
o)
spoed scale on the trangpa.rent chart need be altered only once by

miltiplying by the particular velue of C, 1/6.
o
In the planing range each specific value of S/b2 must be
calculated for each wing., The speed scale, however, requires
only one conversion, depending on the initial cholce of hull beam,
Otherwise, the interpolation procedure in both the dlsplacement
and the planing ranges 1s the same as befors.

The effect of wing aspect ratio alone may be investlgated by
altering d.C]-_/d.m alone. All the other constante remain unchanged.
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Effect of Weight

With hull size, wing area, and wing setting fixed, the
designer can investigate the effect of changes of gross waight
in the following manner:

Find S/(Ao/w)2/3 for each case under consideration, and

each time the welight is altered, convert the speed scale by multi-

1/6

plying by C A in the displacement range. In the planing

o}
range, the valus of S/'b2 wlll not change with changes of CAo’

though the scale of CV' must be sltered each time by miltiplying

by the square root of the perticular value of CA . Except for
o]

thess differences. the interpolatlion procedure is the same as

previously under Effect of Wing and Flap Setting,

Miscellaneous

Fach of the important items was considered as belng altered
independently of the others. There is, of course, no reason any
desired combinations of these items may not be used. TFurther, if
it 18 desired to assume that the flap angle changes with speed,

&8s apparently has been found desirsble in some previous calcula—
tions, it may be accomplished gulte simply by shifting the relation
between the transparent constant—speed—contour chart and the chart
showing the collapsed results of the generasl tests as the speed
changss.

The congtant—epeed-~contour charts have been drawn with the
essumption that the wing does not stall. Neturally, this is
never the case, though ususlly the wing setting will be chosen
so that the stall does not occur at possible trim sngles while
the flving boat is on the water. TIf 1%t should hecome necessatry
to consider the effect of a stalled wing. one rather simple tvpe
of gtall can be easlly considered. The following sketch shows
the 1ift curve having a "flat—top" stall. The charts were

11
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constructed with the assumption that the 1ift continued along the
dashed line. The apparent value of o at CI can be determined

Absolute angle of attack

in the mammer indicated. A%t absolute anglesg of attack greater than
this value, the constant—speed contours will be vertlcal straight
lines, since the load on the water does not change with Increasing
trim, It seems possible that a good many types of stall can at
least be approximated in this manner.

The effect of power and the propeller slipstream can alsc be
included if their influence on the aerodynemic lift characteristics
is known. From the resulte presented in reference 10, power has
quite a large effect on C; dCL/&a, and the angle of attack

mex

for zero 1ift. If et all posslble, an effort should be made to
allow for its influence on the asrodynamic characterigtics.

In the planing renge, 1t is possible to perceive readily the
"bost" trim on the charts showing the collspsed results of general
tests, The point of tangency of & vertical strailght line (constant
load at constant speed) to a \fai/bv contour will be the best

trim as commonly used in NACA publications. The trim of lowest
water resistance of a hull and alrplane combination will be higher
than the best trim of the hull zlone because of the decreasing load
on the water with increasing trim due to the wing 1lift. It should
be noted that the trim of lowest water resistance for a specific

NACA TN No. 1259
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design will be found at the tangency of the appropriste specific
constant—speed contour. The "optimm" trim, at which the sum of

CV constant

Trim of
lowest
water

resistanc

4
Trim “\4—-— Best trim

\

\\\ +/Cr/Cy constant
vCa/Cy

-~
padi

the alr and water reslstence of a epecific design is minimum, will
be somewhere between these two. It seems likely that for most cases
the optimum trim will be close to the best trim. This will, of
course, depend on both the assumed aerodynamic characteristics and
on the shape of the constant \/C;/CV- contours.

Finally, in the displecement range, extrapolation to loads
outside the ranges tested can lead into serious errors unless done
very carefully. It is likely to be more critical to extrapolate
to loads grester than 4o loads less than those Investigated.
Because of this danger, the curves in the displacement range are
labeled for the values of the load coefficlents et which the teste

wore made. In the planing range, the values of CA investigated

are not shown because extrapolation is much less likely to introduce

dlscrepancies.

SAMPLE CATCUILATTIONS

In order to ald iIn understanding the interpolation process,
two sample calculations of the water resistance have been prepared.
They have not been carried through to find teke—off times and
distances since this report is not concermed with a deslgn study.

13
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Flying Boat A

It 1s assumed that the designer has specified, for one reason
or another, the following information:

A, = 15,000 pounds
S = 906 square feet
b = 7.77 feet
d.CL/d.a. = 0.068

and. wishes to know the effect of the wing setting on the take—off

performance of the flying boat when using a hull having the lines

of NACA Model No., 84-FEF-3 (reference 1l). The serodynsmic charac—
teristics of the assumed wing are shown in figure 6. This flying

boat has characteristics similar to seaplane "A" in reference 5.

In order to avold confusion, specific interpolation charts
woere prepared for this flying boat and are shown in figure 7.
They may be used only when all the characteristics are as given
in the preceding peragraph. The use of the general interpolation
charts will be described in the next calculation.

For the beam and load speclfled, the sbatlc load coefficlent
1s 0.500. For o = 10°, the calculations shown in table I were

made as follows:

Dlsplacement range.—

1. A transparent copy of figure T7(a)} is laid on top of the
displacement—rangs curves for NACA Model No. 84~EF-3 in figure 8
(in order that the process can be more essily followed, the
congtant—apsed contours were traced off and appear as dashed
lines), so that the ebsolute angle of attack of the wing-flap
combination is 10° when the hull trim ie zero.

2. At zero speed the trim angle 1s found to be 2.4° for

CA = 0,500,

3. At the intersection of the constant—speed contour at
10 feet per second with the free—to-trim track for CA = 0,5,

the trim is found to be 2.5° and cviycAlB = 0.50.

NACA TN No. 1259
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L. Since Cv. is ¥nown, solving for CA glves 0,.k96.

5. At the intersectlon of the constant—speed contour at
20 feet per second with the free—to-trim curve for C = 0.hg6,

the trim is found to be 6.0° and cv2/A1/3 = 2.0k,

6. Since Cy
7. Repeat this process at each speed, finding the load

coefficlent and the trim angle, The trim curve shown in

Tigure 9 was found by the interpolatlon process Just described.

is known, solving for CA yilelds 0,481,

8. At 10 feet per second, °v2 6 Y/3 = 0.50 and at that
velus the unique value of cP/ N 3 1s found to be 0.0345.

9. Since both CV and CA are known, CR may be found to
be 0.008.

1/3 2/

2 3.

10. At 20 feot per second, CV/BE = 2,0k and CR/:VQCA = 0.062.
11. As both Cy and CA are k:ncwn, solving for CR glves 0,062.

12. At 35 feet per second and higher, R/cvgc 2/3  nust be inter—
polated for use of the previously found value of the loed coefficlent.

Planing range .—

1. A transparent copy of figure 7(b) is 1sild on top of the
collapsed plening-rsnge curves for NACA Model No, 84-EF-3 of figure 8
80 tha:b the absolute angle of attack of the wing—flap combination is
10° when the hull trim is zero. (Again, the speed contours were
traced off and appear as dashed lines.)

2. Before proceedlng, some arbitrary trim track must be assumed.
The one shown in figure 8 was selected on the basis of the following
conslderations: '

(2) Even though stability limits are not avallable, it
would probably lie in the range of stable trims.

(b) It 1s at trims which are within the range of available
control moments.
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3. At the intersection of the constant—speed contour at
35 feet per second with the assumed trim curve, read cR/cv
equal to 0,148,

4, Since Cy 1s known, solving for Cp yields 0.106.
5. Repeat at as many speeds as desired.

Finally, a plot of the interpolated valuss of trim and
resistance coefficients is shown in figurs 9. The values of trim
and Cp below 50 feet per second, which were interpolated from

the planing range, are considersbly higher than those interpolated
from the displacement range. The former should be abandoned, and
the reason for this lies in the manner in which the collapsed curves
in planing-range charts were prepared. The two charts in figure 10
are esuxiliary charts used in preparing the final chart. It will

be seen that at large values of \ﬁ:;/cv (that 1s, low speeds and

high losds) the curves used in preparing the final chart are really
envelopes. It will further be noted that there is z small region

in which neither type of collapsing criterion works well, The

extent and the location of this region depend to a very large

degree on both the hull lines and the trim angle. However, the
difficulty 1t introduces may be overcome by ignoring the interpolstion
from the planing range when it glves a higher trim or resistance than
the Interpoletlon from the dlsplacement range at ths sams speed.

The interpolations Just descrlbed were repeated for a, equal

to 8° and 12° by first shifting the transparent chart downward 2°
relative to the chart of collapsed hydrodynamic characteristics

end then raising it 2°. The results are also shown in table I.

The planing range wes not interpolated from 35 to 45 feet per second
for these two addltlonal wing settings because of the reasoning rgiven
in the preceding peragraph. From teble I it will be seen that a

has 1ts largest effect at high planing speeds. However, without
adding In the alr dreg, 1t 1s impossible to predict the values of %y

that will give the best take—off time. The chart in figure 6 showing
the asrodynamic characteristics of this flying bost indicates that

e Tflap engle of 15° 1s likely to give the best take—off time because
of the high Cy In combination with low drag. It would probably

be sufficlent to celculate the take—off time for three flap angles
at one value of a, and the best for the other velues. These steps

were not taken because the designer is already quite familisr with them.
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Flying Boat B

A flylng—boat-hull designer is glven the following specifica-—
ticns (which are similar to those of the XPBaM-—1):

A, = 140,000 pounds

S = 3,500 square feet

80

o
o]

dCI/da 0.100

and wishes to find the effect of hull size, when using SIT Model

No. 3391, on the resistence, porpoising, and main sprsy blister

characteristics, with the ald of the general interpolation charis,

Displacement range.—

1. The first step is to calculate S/ (Ao/w)g/ 3, which for the

assumed. particulars will be 20.75. Multiplying by the 1ift rete,
dClea. = 0,100, gives 2.08, and this velue will be used for the

interpolation of all hull slzes in the dlsplacement range. The
entire calculatlion may be foumd 1n teble II,

2, Assume that the beam equals 11.83 feet, which will mske

- 1/6
CAo = 1,331 and CAO = 1.050.
3. Tabulate Cy for C A = 1.00 from the bottom of the chart
o]

in figure 2 and multiply each value by 1.050 to obtain the second
column in teble II. The second column represents the true value
of Gy for the selected beam.

. L. Set a transparent copy of the general chexrt of constant--
speed contours in the dlsplacement rangs (fig. 2) on top of the
collapsed displacemsnt—renge curves for SIT Model No. 339-1 in
figure 1 so that the absolute angle of attack of the wing—Tlap
combination is 8° when the hull trim is zero.

5. The interpolation of the trim end resistence is then Jjust
the seme as for Flying Boat A described under SAMPLE CALCULATIONS —
care being emphasized to interpolate for a constant-speed contour

of d.CL/da)[S/(Ao/w)a/:ﬂ = 2.08,

i7
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1
6. Since CV.Q/CA /3 is known, from the collapsed spray
curves read C C'Al/3 and CZ/CA‘ Because 1t 1s probebly of
less interest CY/IAI/ 3 has been omitted in the present instance.

7. Since C, is kmown for each speed, Cx and C; may be
determined.

Planing range .—

1. Calculste S/b% and multiply it by dC;fde. The result
is 2.50 for the assumed beam of 11.83.

2. Tabulate Cy for C A = 1.00 end multiply each value by
o
c, /2, which 18 1.155, to got the specific values of G, for
o
the selected beam.

3. Take a transparent copy of the appropriate generel chart
of constant-epeed contours in the planing range (fig. 4) and set
it on top of the collepsed ng—range curves for SIT Model
No. 339-1 so that a, is .

4., After selecting the trim track for.zero applied moment, since
1t lies between the stebllity limits, read the valus of \/CR/GV-

and the trim at the intersection of the asswwd trim curve with the
constant—speed contour (ch/da)(s/b2) = 2,50, At the seame time,

the intersectlion of the general stability limits with the same
constent—speed contour will give the trims for the specific upper
and lower limits. .

5. Proceed as for Flylng Boat A,

Tables IIT and IV show the calculations for two increased hull

sizes. In the displacement range S/(Ao/w)2/ 3 was not changed with

changes of hull size. However, CA does change and hence the
o]

gpecific values of (lv also chenge. In the planing range, the

value of S/b° must be calculated for each hull size investigated.
The specific values of Cy must be altered because of the changes
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of QA . Otherwise, the interpolation procedure in both the

o]
displacement and the planing rangee 1s Just the seme as previously
outlined. To find the beam which will give the best teke—off time
will require the addition of the aerodynemic drag and then a
conventional teke—off—time calculetion. The spray information may
be used to find the necessary hull height to 2llow proper clearsnce
of the wing and the propellers. After the height has been found,
the eerodynamic drag of the hull mey be calcuiated. In order to
£ind optimums, it may be necessary to investigate additional sizes
between those shown.

Sample calculations to show the effect of alteretions of wing
slze or the effect of changes of gross welght have not been prepared.
It 1s hoped that the notes wmnder USE OF CHARTS, in combination with
the two calculations already shown, will be sufflcient to make the
process of these other Interpolations clesr.

CONCLUDING REMARKS

A simple and rapid method for the interpolation of the charac—
teristics of specific flyling boats from the collapsed results of
generel tests hes been developed. The method should aild consideradbly
in meking dstalled deslign studles to determine the Influence of the
hull on flying-boat performance. Through use of the interpolation
method, the shapes and the magnitudes of the collepsed curves of
general tests should acqulire more meaning to the designer.

Design Research Division
Bureau of Aeronautics, Navy Department
Washington, D. C., September 25, 1946
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DESIGNATION: 6.19-7-20
MoODEL NoO. 339-~1 CG- 035b FWD. OF STEP Ca, = 1.069 (NOMINAL) TESTED AT S.LT. No.l Tank
MODEL Beam: 5.40" O.20b ABOVE KEEL k/L.=0.225 DATE: 11-4-43
T-21-43
2.8 g 34
NONGITUD[NAL POSITION FROM STEP
2.4 \ —
forasmeeemsee"
2.0 |
! \ / L/" ®
- 1.6 x/‘ // 51'8 %
™ " [DisTANCE,_FrOM Q./’ ‘\ P z 3
&
1.2 ] 5
< 2N
s_/ <
Ral N ~
| oa T/ 4+ HEIGHT ABOVE KEEL ,| STATION SPAGING GIVEN as
! ’ 1 NG DISTANGE FROM
EEE 3 4 5 & 7 8 9 lp\l‘,\ 2 3 4 STEP, IN UNITS OF BEAM
’__0.05 l + ‘! + jl' Fl 1 ThJRESA'L 4L ! 7-3-43
- REE-TO-TRIM RESISTANGE AND TRIM
MARTIN XPB2M- DISPLACEMENT SPEEDS
|-0.08 16—
—0.07 o 14—
3 J Cas|l.40
| ST * .20
] T
s \ A L1 0.60 ?’J._lo_
! - \ - e // // g
0.0 g \,% L/ y < 8
By AL 7 7 Cal1.40 7
2 KL g
—003——— ’/4/ //a\%k\f s ~6—
) / /\/ //’ \ 5
- 0.02 % = :' '\N 4—]
EZ// RESISTANCE | .60
4 | Gv!l/c‘lfs; 2-'1
0 I 2 3 &4 &8 8 7 8 9 10 W I2 13 4 15 16 _ir 18 IS
16 4-10-43
e UPPER LIMIT
Cu = 0.08 007 0.06
12 "8!‘30 p 7 . N—t—+t e y: #—ous 5oa
| o8 193 , %__ N\ ops o
=1 \\ 7777 7 /'\/><. S =030
r——B—ZE oie 05 P12 OB 0.2 of 0, \ /// ] —
3 Jerlon S A . T
L o E LOWER LIMIT %}?7&2; A e w4
s ([ ( :
4~ RESISTANGE, MOMENT AND STABILITY CHARAGTERISTICS \L NS N Py Eg
, PLAINS Seeeos o |
- Pl =
R e
0.35 030 0.25 0.20 0.15 0.10 005 _



28 . NACA TN No. 1259

CONTOURS OF CONSTANT SPEED
IN THE

DISPLACEMENT RANGE

PARAMETERS, ~ox x e = 12,384

W _a Mm _.& % g = L g ] e w © <+ N o
30 ‘NDILYNIBINOD dvid-ONIM S0 MOVLIY 40 3TNV 3LN10S8V
& TTE T TR
S E N AR oy AR
3 T3 -5 A E
@ T ot e
= o + 3 m~
@ KB B - 1T e
14 ~ — 3 =
2 DRGSR I
L) . K P - 1% - 3 . L
= kDI RLE &M B3
0+ Sl Eeen ol X . e
e A I Y 5 M S5 of - .
- : . - FH ol 8
-+ |_H d o [of
I —3-3 L
T i 3 I m
....l._u SFt nw
21 A Ny are
o 3 g )
T =
o ; m..ﬂ.. m
£ - o
] ¥
(%]
.”,In. - . m
& £ . . g
(L2 .4
] =i @
== TI®1e
= of
F T
™~ na . . T
. : ; = L m
g - [+
m = -
-” L ~ _%
] = " 15#-2
« _ .
1 - T ; et 1§
INANIENENEANANANRENEEN NN T
w 3 L . ﬂL | 0
i B . — . of 5
L i EEE w
o o
-1 5 IriT _ =1t g8
. NN
e . - - - T tinla

2 8 £ § 8 § & © T BN g @ © ¢ ~ O
'93Q ‘NOILYNIBWOD dVT4-ONIM 40 ¥OVLIY 30 FIONY 3LMOSEV



NACA TN No. 1259 a7

oK

020

Ve, /oy

035

040

CONTOURS OF CONSTANT SPEED
IN THE

PLANING RANGE

dg,
PARAMETERS, S x ¢ = 10, 158 20

o

§ 8 8 _F & 5 & 2 T & 5 5 T T % %
‘930 ‘NOILLYNISWOD dVI3-9NiM JO NOVLIV 40 JIONY ILMI0SEV

»
o V5 21 % RCY Y e = 3 L
kT n . ENE - B
3 R E .
2 © : 1+
= P i i : m
> = v T
N - L ]
A y -
: ; N M &
= =S o i 3 T X m
J ot g N - : 4 L >
. > i = = EL b M B 1]
. 2 P o AR & e LA 4 i = =1 E
o e ke i - ) - :
R y e - ks ]
o el = b
R AT S AT RN
b M G e 3 ~
TN i -

- ~t-
WO RO

0
s ™
._...ul
e
PR
S ERY
gskuzam.
KRS Iy AN
EED p = ...,L.a
- 1 =}
c - 1 )
T . C E ]
228t i 3
: HHg1e
3
=]

b3 b 9 o ) s N o T v “o
VI 'NOLLYNIGWOD dUI-ONIM 40 MOVLIY 10 J1ONY ILosav .




28

Ve /0y
030 Q2% 020 el 005

035

040

NACA TN No. 1258

CONTCURS OF CONSTANT SPEED
IR THE

PLANING _,...,.bzom

PARAMETERS, S x & = 20,258 3.0

Gy FOR Gy » LOC

40

30 35

Gy RR G, +100

- T T - T v T y T T —r T ——— T -
2 8 & ¥ & g 2 e = 8 © ® ©w o« N o
‘930 'NOILYNIBNOD JdV14-ONIM 4O MOVLLY 40 319NY 3LN10sev
339 K 2
X ., -
EREXNS IHEAEKN FNERE T h T Lo
' o BN AT - R 175 TTTE
" T -1 1 - .
.—..... - i Y g p 1.... -
A AE B 78 A Y
X " r oo 4. r -]
: L e o %, ¥ ali - 1in
AAR QM e 3N L -
&g M B N : -
HAR e SN
] E . = . N u 3
q " AR K H 3 RN - [
b - b A3 £3 & : .
b A 1 T w—a ¥ Y wﬂ
H _“ WI_ - ./... v ™ -
- a5 R b } . H - g 41
i SENERND ST IRNE n SR
J 1 = L B =
u bt - iy = 3 i~ R *.
. s : i ] S g
- ~ - .+ B S
i - 5 XA g v =3 g b |u#_.
T I R SR Y
m ~ ~ ~d 7 h I~ ] -.
. I Ea W BT 3% A 3
R 2y
A of 543 = 1... ~J 5 oy ~ |,I. = L= IIFH ..f.
d 3 ar 1 o Rip N * = =
. - g I I o .
T > 1 - " )
ﬁulnu 3 - 4F J.”...Irr ++ Pwm
L BT X T N o T
N % BB 3 X Tt _.:...._...‘n Jﬁ e
. - = = 5
S SECSERRERES e TR
= 1 EEEELZ In=SENERA HRREE R
] o ~ .
2 i M~ -~ - bag
~l " s - 1 A 1 .Mcw.
s B -
2 g RESNEN I NN .
-l 9 - N E 1]
ki 3 ~
9 u i E sk I']
= Y L1 = 1
+ | O . RS
- I ”r ”.7!.! -4 \ﬂlA L1
1T - s e T
-
- I + - lﬁ 331} - - 1
14 + A R AT
i ml
RRE S g g N O BENWNLS:
1 pERssunEaE TE - T
1T s yus
—L. mrl - -} .-...,TW b1 -11-F i - 4] e
| HA R T FHEDIR

8

&

b3
0930 ‘NOI

4§ g 2 € * N Q. © 0 &
LUNIBNOD d¥3~9NIM 30 ¥OVLIV 40 F1BNYV ILAI0S8Y

FIGURE 4

s



°

Ve /oy
Q!5 olo 005

025

0:4-0

NACA TN No., 1259

CONTOU

RS OF CONSTANT SPEED
IN THE

PLANING RANGE

PARAMETERS, mf.m.. = 30,358 40

T T T T —

T —T —T T T T

8 § &% dd g @ € x o9 9 ©® o
930 “NOILYNIEWOO d¥14-8NIM 20 MOVLIV 30 TIONV 31M0Sev

3

Oy FOR Gy =100

3.0

w,
iy

Y

7o

30 55 &0

FIGURE S

45

;v

=F. al

3T 1 Lo f Y-

e

-y

o
‘930 ‘NOILYNIBNOD dV

<« 9 o © © < o o @® ©

TZ=DNIM 30 MOVLLIV 40 TONV 31n0Sav

<

28



NACA TN No. 1259

o

N

’ 30 ‘
>
820 —r 50&;*5/'20 < 28
§ \\ FLYING BOAT A
= f _F_‘Igpfcfﬁng& S
i'o - —J —_—-~ — =25 24
5 Al ~~q"°
ry 7/ 408
.20

gIO -8 -6 -4 -2
Angle of zero lift, deg

®

CL.

ARy

~

Lift coefficient, G,

N

|~ 25/7

© N
)
Drag coefficient (excluding hull),

@
o
o

l
Trim (for case in fig.9),deg
o) l 4 | 8 l l?

4 8 12 16 20 24 28 32
Absolute angle of attack, deg

Figure 6



NACA TN No. 1259 31

Speed, ft/sec
35 40

o4l 10 20 25 30 50
-
22
zo_ﬁ_ ) FLYING BOAT "A
g l / Gontours
~
~18 of
] ] f Constont Speed
£is tor
ot j l Dispiacement Rangs
4 Ca, = 0.50
o ] l S .
=_=18.0
g 12 52
® 1 4G, /de = 0.068
510 l / L/
[=]
I'H |
< g
6 .
- [
. /
2}_ I
(o] I 2 3 4 ) 8 7 8 9 10 1 12 13 14 15
CV2/6A|/3
Figure 7(a)

Speed, ft/sec
24 30 40 45 50 55 60 76 80 90
. IRV / /

FLYING BOAT 'A'

£ e 11 11 77
Etsmmffwsp i V J/ / / / / /”’91
ol e 338 //[] T 17 =

o /
= ]
= 777
Y R A
S T O O O WA .
o I30 l 25 / 2/0/ /15/ ZZIZ/ 05 o}




32 NACA TN No. 1259
DESIGNATION: 3.24 - 0.57— 20.0
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